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Mobile communication apparatus 
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(a) 



2387031 



MOBILE COMMUNICATION APPARATUS 

This invention relates to.mobile conununication apparatus, such as mobile telephones or 

pagers. 

Typically, such apparatus has a short electric dipole as antenna. Dipoles respond to the 
5 electric vector of received electro-magnetic radiation, or launch electro-magnetic 
radiation when driven by an electric voltage. Coil antennas which respond to the 
magnetic vector or are driven by electric current, are also well known. For example, 
radio receivers are sometimes fitted with coils wound round a magnetically permeable 
material such as Ferrite, but such antennas have not been fitted in mobile phones or 
10 pagers because the Ferrite material does not have a high permeability at high 
frequencies at which the handsets operate (of the order of 2 GHz). 

The field around any antenna consists of two components, namely, a radiative 
component and an evanescent component. The radiative component is energy-carrying 

15 and decays quadratically with distance from the antenna, making it long range. This is 
the intended radiation from the antenna and its intensity more than a wavelength or so 
from it is determined by the antenna's required function. The evanescent component 
decays exponentially (i.e. much more steeply) away from the antenna and does not carry 
energy away from it. At ranges less than a wavelength or so this component may well 

20 be larger than the radiative component and contribute more to losses in local materials. 

In the case of a mobile phone, the losses in local materials could include losses in the 
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human brain, and thus constitute a potential hazard. 

The evanescent component generally grows in intensity compared to the radiative 
component, as the antenna gets smaller. 

5 

In addition, the required drive voltage given for a given far-field radiation level also 
increases as the antenna gets smaller. In the case of mobile phones, this is inconvenient 
in view of the low voltage low power electronics used. 

10 The invention provides mobile communication apparatus, comprising an r.f. source 
and/or receiver, and an antenna which includes magnetically permeable material 
comprising at least one component having inductance and capacitance, the component 
dimension in one direction being less than the wavelength of radiation in the band of 
frequencies at which the mobile conmiunication apparatus is arranged to operate. 

15 

With such a magnetic antenna, the evanescent component is largely magnetic rather 
than electric in form (the radiative component will be similar in general forai and in 
intensity to that from an electric antenna) and, because loss mechanisms in biological 
tissues are thought to operate on the electric field, this will reduce the absorption in the 
20 first few millimetres or centimetres away from the antenna where the evanescent field 
dominates. This reduced absorption becomes more marked for smaller antennas. While 
a small antenna size will still require an increased drive for a given radiation level, a 
magnetic antenna requires an increased drive current rather than voltage, which is easier 
to produce in low power electronics. As with an electric antenna, increased drive does 
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not require increased power since the evanescent fields do not radiate. 

Advantageously, the magnetically permeable material comprises an array of 
components having inductance and capacitance, the component dimension in one 
5 direction and die array spacing being less than the wavelength of radiation in the band 
of frequencies at which the mobile communication apparatus is arranged to operate. 
Structures comprising an array of such components are described in Magnetism From 
Conductors and Enhanced Non-Unear Phenomena, J B Pendry, A J Holden, D J 
Robbins and W J Stewart, IEEE Transactions on Microwave Theory and Techniques, 

10 1999, 47, 2075-2084 and International Patent Application Nos. WO 00/41270 and WO 
01/67550. These micrpstructures can be designed to show quite large positive 
permeability in the r.f. range, for example, at GHz. Typically the elements are spaced at 
less than a fifth of the wavelength of the radiation at which the microstructure is 
resonant, but they could be spaced by greater amounts (less than one half of die resonant 

15 wavelengtii for example), or lesser amounts (less than one tenth, or less tiian one 
hundredth), of the resonant wavelength, for example. 

One form which the elements of such a microstructure can take is a roll of conducting 
sheet, tiie turns of which are separated by insulating material (a so-called "Swiss roll" 
20 structure). Inductance is provided by currents circulating around the curved wall of the 
Swiss rolls, and capacitance is provided by the self-capacitance between die inner and 
outer ends of the roll. 

The r.f. frequency to which the microstructure is tuned is the frequency to which each 
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element is tuned. 

Mobile communication apparatus constructed in accordance with the invention will now 
be described in greater detail, by way of example, with reference to the accompanying 
5 drawing, in which: 

Figure 1 is a block diagram of the antenna, transmitter and receiver; and 

Figure 2 is a schematic perspective view of the antenna of the mobile communication 
Id apparatus. 

The mobile communication apparatus is a mobile telephone but could be a data unit. It 
has a transmitter Tx, receiver Rx, and an antenna A which overlies the transmitter and 
receiver (Figure 1). The antenna is shown schematically in Figure 2. 

15 

The antenna shown in Figure 2 consists of four Swiss roll structures, as described 
above. The Swiss rolls 1 to 4 are surrounded by a coil 5 which is connected to the r.f. 
source/receiver Tx, Rx. Each Swiss roll consists of a layer of conducting material such 
as copper on an insulating substrate such as a plastics material. Each Swiss roll is 
20 manufactured by being closely wound onto a mandrel of appropriate size, and the Swiss 
rolls are then close packed together as shown in the drawing. 

Typical dimensions for the Swiss rolls could be a millimetre in diameter, with metal 
thickness of a few microns and dielectric thickness of a few lO's of microns. 



5 

While four Swiss rolls have been illustrated, in practice more could be used typically 
within the range of from 1 to 100. 



The resonant frequency of the antenna is almost the same as that of each individual 
5 Swiss, roll, which is determined by the dimensions, predominantly the coil diameter and 
turn spacing. The bandwidth of the magnetically permeable material will normally be 
sufficient to cover the bandwidth of operation of the mobile phone. However, if 
desired, the individual Swiss rolls could be tuned to slightly different frequencies, for 
example, to two individual frequencies, or to several individual frequencies, over the 
10 bandwidth of operation of the mobile phone. 

As an alternative to the Swiss rolls, other forms of resonant elongate means having 
capacitance and inductance, arranged in an array to form a microstmctured material, 
may be used. For example, split cylinders or columns of printed loops, both those 
15 described in International Patent Application No. WO 00/41270, could be used. 

While the mobile conmiunication apparatus described is a mobile phone, the invention 
is equally applicable to pagers or other data communications units designed to be small 
and portable (e.g. cards for laptop computers). 
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CLAIMS 



L Mobile communication apparatus, comprising an r.f. source and/or receiver, and 
an antenna which includes magnetically peraieable material comprising at least one 
component having inductance and capacitance, the component dimension in one 
direction being less than the wavelength of radiation in the band of frequencies at which 
the mobile communication apparatus is arranged to operate. 

2. Mobile communication apparatus as claimed in Claim 1, including magnetically 
pemieable material comprising an array of components having inductance and 
capacitance, the component dimension in one direction and the array spacing being less 
than the wavelength of radiation in the band of frequencies at which the mobile 
communication apparatus is arranged to operate. 

3. Mobile communication apparatus as claimed in Claim 1 or Claim 2. in which 
each component comprises a roll of conducting sheet, the turns of which separated by 
an insulating material. 

4. Mobile communication apparatus as claimed in Claim 3, in which the diameter 
of each roll is less than the wavelength of radiation in the band of frequencies at which 
the mobile communication apparatus is arranged to operate. 

5. Mobile conmiunication apparatus substantially as herein described with 
reference to the accompanying drawings. 




% QflBce ^ 



Application No: 
Claims searched: 



GB 0207358.3 
All 



7 



Examiner: 
Date of search: 




INVESTOR IN P£OPL£ 



Rosalind Lyon 
21 January 2003 



Patents Act 1977 : Search Report under Section 17 



Category 


Relevant 
to claims 


Identity of document and i 


»assage or figure of particular relevance 


X 


1-4 


WO 00/42170 


MARCONI CASWELL LTD 

See especially abstract and figures la and 6. 


X 


1.3&4 


US 5621422 


WANG-TRIPP CORP 

See especially abstract, figure 1 and column 5 
lines 21-44. 


E(X) 


1 


WO 02/33787 A2 


JASTERO TRADING LTD 
See especially abstract. 


A 




EP 0390350 A2 


HUGHES AIRCRAFT CO. 

See especially abstract and figure 2. 



Categories: 



X Document imJiciing lack ofnovclty or inventive «ep a Document indicating teclmologiealbaclcgromdmd/or state of flw 

^ ^*Z1^1''"".h''h'°^'"^"'*7''^*^'°'"^^^^^ D««"'»»'P»W«hedonoraiterthedectoedprioritydatebutbefo«the 
with one or more other docunicnts of same category. filing date of this invention. "ouioeioreuie 

& Member ofthe same patent family g Patent document published on or after, but with priority date earlier 
. than, the filing date of this application. 



Field of Search: 

Search of GB. EP. WO & US patent doctiments classified in the following areas of the VKC: 



HIQ 



Worldwide search of natent documents cla«i ried in the following areas of the TPr'- 



HOIQ 



The followinp online and othrr ftatahases have hr^n in .h. rr^ p mtinn »f th;. .^^y. , 
EPODOC. JAPIO, WPI 



An Executive Agency of the Department of IVade and Indiistiy 



